I . I n t r o d u c t i o n . -High t e m p e r a t u r e i n t e r n a l f r i c t i o n s p e c t r a a r e made, on most of s t u d i e d m a t e r i a l s , of one o r s e v e r a l peaks s i t u a t e d between 0.4 and 0.7 T m ( T m b e i n g t h e m e l t i n g t e m p e r a t u r e ) and of a background which r e g u l a r l y i n c r e a s e s w i t h t e m p e r a t u r e . W e s h a l l l im i t o u r s e l v e s i n t h i s p a p e r , because o f , a l a c k of room, t o t h e s t u d y of t h e peaks which h a s been c a r r i e d on i n a more i n t e n s i v e way t h a n t h a t o f t h e background. Numerous works, g a t h e r e d i n v a r i o u s p r e v i o u s review p a p e r s (1, 2 , 3 ,
) have p e r m i t t e d t o c l e a r l y p o i n t o u t t h e s e peaks i n most p u r e met a l s and some a l l o y s , and v a r i o u s i n t e r p r e t a t i o n s have been suggest e d f o r them.
Hovever, i t seems t h a t t h e e a r l y a c c e p t a n c e of h y p o t h e s e s which a r e n o t enough based on e x p e r i m e n t s , h a s c o n s i d e r a b l y d e l a y e d a r e a l comprehension o f p r o c e s s e s i n v o l v e d .
i ) I t h a s l o n g been a d m i t t e d t h a t t h e o b s e r v e d s p e c t r a were i ns e n s i t i v e t o t h e s t r a i n a m p l i t u d e . H o w e v e r r e c e n t o b s e r v a t i o n s ( 5 ,
2 , 6 , 7 ) have h e l p e d t o s e t t o evidence l a r g e non l i n e a r e f f e c t s t h a t might produce deep p e r t u r b a t i o n s i n t h e s p e c t r a .
i i ) S i n c e Ksfs works ( 8 , 9 ) t h e p e a k s have been c o n s i d e r e d t o b e
c h a r a c t e r i s t i c of p o l y c r y s t a l l i n e s t a t e , whereas t h e r e t o o , r e c e n t t e s t s have showed t h a t n o t a b l e e f f e c t s were p e r s i s t e n t on s i n g l e c r y s t a l s , which l e a d s , a s i n c l a s s i c a l c r e e p , t o bestow a prominent Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1981561
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JOURNAL DE PHYSIQUE p a r t t o l a t t i c e d i s l o c a t i o n s and t o b r i n g t o l i g h t t h e importance of t h e h i s t o r y of t h e samples, v i z of m i c r o s t r u c t u r a l s t a t e .
The s i t u a t i o n a p p e a r s a s complicated a s f a r a s t h e i n f l u e n c e on a l l o y i n g elements a r e concerned. I n p a r t i c u l a r , i t h a s been prov e d ( 6 ) t h a t some peaks a t t r i b u t e d t o t h e i n f l u e n c e of i m p u r i t i e s c o u l d be developped on h i g h p u r i t y m a t e r i a l s by s u i t a b l e thermomechan i c a l t r e a t m e n t s .
Before t a k i n g up t h e s t u d y of t h e i n f l u e n c e of a l l o y i n g e l ements, i t seems t h e r e f o r e n e c e s s a r y t o a c q u i r e a s u f f i c i e n t knowledge of t h e r e f e r e n c e s t a t e s provided by s i n g l e c r y s t a l s , t h e n by polyc r y s t a l s of pure m e t a l s .
I n t h i s p a p e r , we s h a l l t h u s l i m i t o u r s e l v e s t o pure m e t a l s , and p a r t i c u l a r l y i n s i s t on e x p e r i m e n t a l c o n d i t i o n s ; f o r t h e possess i o n of r e l i a b l e d a t a a p p e a r s t o u s a s an e s s e n t i a l p r e l i m i n a r y f o r any a t t e m p t of i n t e r p r e t a t i o n .
11. Experimental R e s u l t s . -Amongst t h e e x p e r i m e n t a l p a r a m e t e r s l i ab l e t o i n f l u e n c e t h e damping s p e c t r a , must be n o t e d :
. The afore-mentioned a p p l i e d s t r e s s ;
. The measurement t e m p e r a t u r e ; . The v i b r a t i o n frequency ; . The number o f a p p l i e d c y c l e s : ( 1 0 ) . The h e a t i n g ( o r c o o 1 i n g ) r a t e f o r c o n v e n t i o n a l t e s t s a t v a r i ab l e t e m p e r a t u r e , o r t h e time of maintenance a t t h e measure temperatur e f o r i s o t h e r m a l t e s t s . T h i s l a t t e r p o i n t i s b e s i d e i l l u s t r a t e d i n P i c t u r e 1 where one can compare t h e s p e c t r a o b t a i n e d i n v a r i o u s c o n d i t i o n s on a p o l y c r y st a l of 3 N p u r i t y aluminium. When t h e spectrum i s d e s c r i b e d by d i s c r et e t e m p e r a t u r e i n c r e a s e s a f t e r a maintenance of 4 h o u r s t o each meas u r e t e m p e r a t u r e , one d i s c o v e r s a v e r y low damping and no i n f l u e n c e of s t r a i n amplitude ( c u r v e a ) . On t h e c o n t r a r y , when on t h e same specimen, t h e measure i s performed w i t h a 60 C/h h e a t i n g r a t e , one o b s e r v e s a n o t a b l e damping from a s t r o n g l y n o n -l i n e a r o r i g i n . These t r a n s i e n t s seem a l l t h e more i m p o r t a n t s i n c e t h e p u r i t y of t h e mater i a l i s h i g h (ll), and t h e y can l e a d , i n some c a s e s , t o t h e appearanc e of "pseudo peaks" l i a b l e t o c o n c e a l t h e r e a l r e l a x a t i o n peaks P i c t u r e 2 shows t h e s p e c t r a o b t a i n e d on a p o l y c r y s t a l of t h e same m a t e r i a l a f t e r a n n e a l i n g s a t 720 K and 800 K , and i l l u s t r a t e s t h e i n f l u e n c e of t h e s t r a i n a m p l i t u d e . One can n o t i c e t h a t t h e anneal i n g which i s g e n e r a l l y accompanied by an i n c r e a s e of t h e g r a i n s i z e seems t o produce a s h i f t o f t h e peak toward t h e h i g h t e m p e r a t u r e s , which seems t o j u s t i f y t h e sometimes s u g g e s t e d r e l a t i o n s between t h e g r a i n s i z e and t h e r e l a x a t i o n time ( 1 2 , 13, 1 4 , 1 5 ) . But one c a n a sc e r t a i n on e x t r a p o l a t e d c u r v e s a t z e r o s t r a i n t h a t t h e a n n e a l i n g produces i n f a c t a l a r g e d i m i n u t i o n of t h e i n t e n s i t y of t h e p e a k , which c a n be c o n c e a l e d by t h e appearance of a s t r o n g a m p l i t u d e e f f e c t .
The same phenomenon can a l s o be observed on p i c t u r e s 3 and 4 o b t a i n e d on a c o l d worked p o l y c r y s t a l of t h e same m a t e r i a l a f t e r ann e a l i n g a 720 and 900 K . P i c t u r e 3 seems t o c o r r o b o r a t e K e ' s observat i o n s about t h e t h e absence of a s t r a i n a m p l i t u d e e f f e c t . On t h e cont r a r y , p i c t u r e 4 shows a s t r a i n a m p l i t u d e e f f e c t s i m i l a r t o t h a t on p i c t u r e 2 , such an e f f e c t b e i n g s t i l l v i s i b l e t o s t r a i n a m p l i t u d e s a s low a s I O -~. T h i s i n f l u e n c e of t h e a m p l i t u d e h a s , f o r example, a l s o been s t u d i e d a t h i g h e r s t r e s s e s by Smith ( 1 6 ) on aluminium ( P i ct u r e 5 ) a n d magnesium. I n t h i s p i c t u r e , one can n o t i c e t h a t t h e temper a t u r e o f t h e maximum does n o t seem t o depend, f o r t h e s e l a r g e s t r a i n a m p l i t u d e s , upon t h e s t r e s s l e v e l . However, a t lower s t r e s s e s a l i g h t s h i f t toward t h e h i g h t e m p e r a t u r e s i s g e n e r a l l y observed. 
Such non l i n e a r e f f e c t s l e a d t o a s c r i b e a n o t a b l e p a r t o f t h e d e f o r m a t i o n t o t h e d i s l o c a t i o n motions, and t h u s t o f o r e s e e t h e p r es e n c e of such e f f e c t s on s i n g l e c r y s t a l s , which h a s e f f e c t i v e l y been c o r r o b o r a t e d by numerous o b s e r v a t i o n s on s e v e r a l m e t a l s
t r a i n a m p l i t u d e e f f e c t o b s e r v e d i s t o be compared w i t h t h e r e s u l t s i n p i c t u r e 3 and i n d i c a t e s t h a t f o r t h i s
m a t e r i a l , t h e a n n e a l i n g t e m p e r a t u r e o f 1200 K i s n o t h i g h enough t o produce s t a b l e d i s l o c a t i o n a r r a n g m e n t s .
On c o l d worked s i n g l e c r y s t a l s a n n e a l e d a t moderate t e m p e r a t u r e s
and c o n t a i n i n g h i g h d i s l o c a t i o n d e n s i t i e s w i t h h i g h enough m o b i l i t i e s v e r y i m p o r t a n t peaks c a n be o b s e r v e d . For example, i t i s t h e c a s e of t h e peak on p i c t u r e 7 , o b t a i n e d by P o s t n i k o v and Col ( 2 4 ) on a Cu w h i s k e r s . The s i m i l a r i t y between t h e peaks o b t a i n e d on s i n g l e c r y s t a l s and p o l y c r y s t a l s i s shown i n p i c t u r e 8 , o b t a i n e d d u r i n g an i s o t h e r m a l t e s t on a Cu p o l y c r y s t a l and s i n g l e c r y s t a l worked o u t from t h e same m a t e r i a l ( 2 5 )
. P i c t u r e 9 , connected w i t h a s i n g l e c r y st a l and a p o l y c r i s t a l of t h e same m a t e r i a l (Ag 5N) a n n e a l e d under t h e same c o n d i t i o n s , shows t h a t i n some c a s e s t h e peaks o b s e r v e d on s i n g l e c r y s t a l s c a n be much more i m p o r t a n t t h a n t
h o s e o b s e r v e d on p o l y c r y s t a l s , which c o n f i r m s t h e importance of t h e m i c r o s t r u c t u r a l s t a t e . About t h i s s u b j e c t , i t i s f i t t i n g t o n o t i c e t h a t t h e o n l y par a m e t e r s t h a t have been f o l l o w e d i n a r e l a t i v e l y s y s t e m a t i c way, i n c o n n e c t i o n w i t h i n t e r n a l f r i c t i o n e x p e r i m e n t s , a r e t h e g r a i n s i z e s
o r s u b g r a i n s i z e s , a s w e l l a s y e t more s c a r c e l y , t h e d i s l o c a t i o n den-sitiy. However, it has been shown (26) that these parameters are not sufficient enough to characterize the mechanical behavior, which means they do not constitute good state variables. It would be desirable, for example, to have access to gradients of the dislocation density, or to the proportion of grains or subgrains out of equilibrium, namely to the heterogeneities of the internal stress field. It has been observed that high temperature peaks are wider than the Debye peaks characteristics of a single relaxation time, and in some cases, these peaks can be separated into overlapping elementary peaks. It is even sometimes possible, thanks to suitable thermomechanical treatments tending to partially eliminate some of the constituent parts, to put directly to light the maxima corresponding to these elementary peaks (27). The most striking example is probably that of aluminium, in which KG'S peak (12) can be analyzed in 3 distinct peaks (20). Picture 10, connected with a polycrystal, thus shows the initial presence of 2 maxima, and then the total disappearance of the peaks.
Thus on most of the studied materials, whether polycrystals or single crystals, one can perceive the presence of 3 or 4 peaks spread between 0.4 and 0.7 Tm, and whose activation energies seem to vary between 0.5 Hv for the lowest temperature peaks and Hv for the others (Hv = self diffusion energy). However, it is advisable to note that these energies are known with a rather large uncertainty, for they must imperatively be obtained on extrapolated curves at zero amplitude because of non linear effects.
The elementary peaks thus obtained are however 2 or 3 times wider than the Debye peaks and to attempt to give a proper explanation of this broadening, one has sometimes called forth the existence of a lognormal distribution of the relaxation time (28) .
Yet, such a distribution can only result from the activation energy,for applied to the frequency factor it would give extreme values of some structural parameters (grain sizes, loop lengths, or spacing between pinning points) with no physical meaning. However such an energy distribution does not seem observed in the case of Aluminium (Picture 11) for which the energies of the elementary pics are the same (20), because the width of the peak does not appear sensitive to temperature.
From the available results, one can also observe that the peaks are generally absent on highly cold worked specimens and that they gradually evolve during annealings at increasing temperatures. Annealings at a higher temperature make them afterwards gradually disappear, the lowest temperature peaks being the first to vanish.
In some cases, and especially on low stacking fault energy metals, annealings at temperatures as high as 0.9 T are necessary to m make completely disappear the highest temperature peaks. As far as the lowest temperature peaks are concerned, one can notice that their disappearance coEncides on the single crystals where phenomenon is not hidden by recrystallisation, with a brutal diminution of the width of the Laue spots (see picture 12), connected to a decrease of lattice distortion.
This observation, as well as the fact that the disappearance of the peaks is faster on high stacking fault energy metals (Al-Ni) points out the importance of climb mechanisms.
In a parallel direction with this decrease of the peaks, we have seen one could observe the appearance of non linear effects, but it ; . S difficult to know wheter these amplitude effects are due to the non linearity of mechanisms giving the relaxation peaks, or whether distinct mechanisms are involved. This latter assumption seems to be the most likely hypothesis, for one can ascertain in some cases the appearance at high stress levels of maxima distinct from those corresponding to the peaks.
Picture 13 likewise shows that these strain amplitude effects do not seem sensitive to the thermal activation.
Before tackling the interpretation of the results, we shall finally point out that the anelastic strain seems extremely sensitive to the modes of predeformation and sollicitation (See picture 14). This already old (29) and lately corroborated (23) observation on Zn single crystals, seems to indicate the importance of the influence of the intensity of the Schmidt factor in both predeformation and I.F. measurements.
111. Interpretation of the results. -Various models have been put forward to account for the existence of high temperature peaks based for a great number of them on the hypotheses of a relaxation from intergranular origin and calling forth either a grain boundary sliding (30) or a grain boundary-migration (14), or more lately movements of grain boundary dislocations (31, 32, 33, 34, 35, 36). KG besides has lately suggested a model calling out continuous dislocation densities (37), which can be applied to all sorts of boundaries (with small or large misorientations). Yet, most of these models have the disadvantage to call forth parameters difficult to be measured : grain boundary dislocation densities (32), mean spacing between pinning points (34, 35) ...
It also seems, thanks to the afore mentioned results, that the
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suggestions calling forth the lattice dislocation motions are more probable interpretations.
One must therefore consider the thermally actived motion of dislocations submitted to an effective stress o : in which is the applied stress and o g a back stress which sets up a against the dislocation movements. If one considers U as the activation energy at zero stress, one gets a strain rate such as :
sinh -kT in which p (dislocation density) a. (mean loop length), h (average spacing between 2 activation events) v*% (bhl/2) (activation volume) are structure sensitive terms.
Several mechanisms can be considered to justify such a deformation law.
(i) small activation volume mechanisms : -pure climb of edge segments implying small activation volumes. When the stress B is a restoring force due to the bowing out of the loops, one then gets stress insensitive peaks (38, 39, 40) and activation energy equal to the self diffussion energy.
-mobile impurities dragging by the dislocations, as in
Friedel's micro-creep model (38). Such a model calling out the unsaturated Cottrel cloud around the dislocations might be the explanation of some distinctive features of the peaks observed at about 0.4
Tm : appearance after annealings at moderate temperature on slightly cold-worked specimens, corresponding to cloud formation around fres dislocations, then disappearance during annealing at a higher temperature, corresponding to the saturation of the clouds. The appearance of strain amplitude effects may then correspond to the break away of the dislocations from the saturated clouds.
(ii) Large activation volume mechanisms -nearly screw dislocation gliding pinned by mobile jogs (38,41)
-supplementary dislocation gliding by triple nodes diffusion (38) or cross-slip (42).
-triggered mechanisms coresponding to the fast glide of dislocations between the obstacles overcome by climb or cross-slip. All these patterns involve large activation volumes and lead to peaks widening and shifting toward low temperatures when the stress increases (431.Such peaks actually seem to have been sometimes observed (41, 44) thermomechanical unpinning (45, 46) and longitudinal or transversal diffusion of mobile impurities (47) have also been sometimes proposed. But all these models do not allow us to account for either the motion of damping maxima toward high temperatures, at increasing stresse, or the unsensitivity to the vibration frequency.
One can also suppose that the dislocation loops are long enough for the influence of the line tension to be negligible, and that the restoring force arises essentially from the long range interactions exerted by other dislocations, or by out of equilibrium boundaries or sub-boundaries (48). The measurements of the anelastic strain during creep (49), by the stress drops method, or the torsion measurements during longitudinal creep (50) reveal that during the primary creep this recoverable deformation increases and can reach considerable values, which may be attributed to the developpement of heterogeneities ( 4 8 ) , and corroborates the idea that they can be the primary cause of the restoring force. In internal frictior,, anelasticity would therefore proceed from the preexisting heterogeneities.
According to these hypotheses, the potential to which the dislocations are submitted must consequently be shaped as on Picture 15, which corresponds to a non linear restoring force leading to peaks tending to develop themselves and move toward high temperatures when the stress increases. In this hypothesis, there must exist a critical stress, over which the dislocations can move on large distances and produce a non recoverable deformation and a damping rapidly increasing with the stress and such a behavior is actually observed on Aluminium (Fig. 16) .
If close obstacle which can be overcome by thermal activation are also present and create shortest wave length potential (51). superposed to the preceding one, the elementary activation mechanism is then the overcoming of these obstacles by for example climb or cross slip, and the stresse o g can then be separated into a true restoring stress and a friction stress opposed to the motion of dislocations, whatever their direction.
The existence of such a force effectively seems to proceed from the results of pictures 17 and 18, obtained at a very high temperature on a single crystal of aluminium. As a matter of fact one can acknowledge that the intensity of the peak tends to zero for a critical stress of about 0.1 MPa, that can be compared with the threshold stress (0.15 MPa) obtained from high temperature creep, by Burton on Aluminium (52), or with the "inherent friction stress" pointed out by Evans and Harrison (49). Low stress creep tests also point out that the same primary creep laws-power laws for example -remain va-l i d a t t h e lowest s t r e s s e s used which a r e sometimes of t h e same o rd e r t h a t t h o s e used i n i n t e r n a l f r i c t i o n and i t h a s been showed t h a t such laws a l l o w u s t o v e r y e a s i l y account f o r t h e broadening of t h e peaks ( 5 3 ) . P h y s i c a l l y , such a h y p o t h e s i s means t h a t t h e d e c r e a s e of t h e s t r a i n r a t e does n o t proceed o n l y from t h e a c t i o n o f t h e r e s t o r i n g f o r c e any l o n g e r , b u t a l s o from a d e c r e a s e of t h e f r e q u e n c y of a c t iv a t i o n e v e n t s ; s u c h a d e c r e a s e may be produced e i t h e r by a non-homo- Conclusion.
-T h e r e f o r e , i t now seems p r o b a b l e t h a t i n t e r n a l f r i ct i o n p e a k s observed a t a h i g h t e m p e r a t u r e on p u r e m e t a l s o r i g i n a -R e f e r e n c e s . Conf. on I n t . F r i c t . and U l t r a s o n i c A t t . Aachen, 1 ( 1 9 7 3 ) 392 1 8 ) E . B o n e t t i , E . E v a n g e l i s t a , P. Gondi and R . Tognato : I1 Nuovo Cirnento ( 1 9 7 6 ) 408. ( 1 9 8 1 ) 41. ' TIT,> eratues on an alminiun plycrystal. 
